Ferritin, iron storage protein, is composed of a protein shell and the core of ferric iron.l The determination of the stored iron is important for the investigation of the properties and the functions of ferritins. Ferritin iron can be quantitatively determined by atomic absorption spectrometry (AAS) and estimated roughly from the absorbance at 310 or 420 nm.2,3 Moreover, some colorimetric methods have been used in the studies on ferritin4'5, but how suitable these methods are for the determination of ferritin iron is doubtful.
For the determination of ferritin iron using a chelating agent, it is necessary that the iron be released from the protein shell and reduced. The method for the determination of serum iron recommended by the International Committee for Standardization in Haematology (ICSH method)6 is clinically available. Thioglycolic acid which is used as a reducing agent of iron in the method can be also used to dissociate ferritin into the subunits.' We investigated the application of the method to the determination of ferritin iron.
Experimental

Materials
Ferritin and apoferritin from horse spleen were purchased from Miles Inc. and Sigma Chemical Co., respectively. Protein assay kit (Bio-rad Co.) was used for the determination of ferritin protein. A standard iron solution was obtained from Aldrich Chemical Co. and diluted to appropriate concentrations before use. All other chemicals used were of analytical reagent grade. Deionized water was purified by a Millipore Milli-Q system.
The determination of ferritin iron 1) The sample solution of ferritin was added to an equal volume of protein precipitant, which consisted of 10 w/ v% trichloroacetic acid, 3 w/ v% HCl and 40 v/ v% thioglycolic acid. Components were mixed thoroughly. Then the mixture was incubated at 5b° C for 15 min, followed by rapid cooling to 4° C. An aliquot of the solution was mixed with an equal volume of 1.5 M sodium acetate containing bathophenanthrolinedisulfonic acid. After 5 min, the mixed solution was centrifuged at 10000Xg for 5 min. The absorption of the supernatant was measured at 535 nm against a blank of distilled water, and the iron concentration was calculated according to ICSH method.
2) A Hitachi Model Z-8000 atomic absorption spectrometer with an automatic sampler was used. Ferritin iron was determined by standard additions analysis.
Results and Discussion
In ICSH method, thioglycolic acid is used as a reagent for reducing ferric iron. On the other hand, thioglycolic acid is also used as a reagent to dissociate ferritin into the subunits.' So, we tried to measure iron in a horse spleen ferritin by the original ICSH method. But, the value [0.77±0.02 µg/ ml (mean±S. D., n=3)] was lower than that measured by AAS (1.21 µg/ml). Bomford et al. extended the incubation time to 1 h and determined ferritin iron.4 However, we confirmed that the obtained value did not change even if the incubation time was prolonged. These results indicate that some ferritins may not dissociate and may be precipitated with iron. At 10 -40 v/v% of thioglycolic acid the obtained value was almost equal to that by AAS. It was comfirmed by SDS-PAGE that ferritin in 20% thioglycolic acid perfectly dissociated into the subunits (data not shown). So, 20% was used.
Pape et al, have also determined ferritin iron using bathophenanthroline.5
They hydrolyzed the protein with HNO3-H2SO4 in order to obtain free iron, so that it is feared that small peptides may be produced. Such peptides may interfere with the calorimetric determination, because they can not be removed with protein precipitant. No other peptides than the subunits should be produced by 20% thioglycolic acid. However, the supernatant obtained by the centrifugation after the deproteinization was turbid in the determination of iron solution containing 50 µg/ ml of apoferritin. The reason remains uncertain, but it may be owing to the increase of thioglycolic acid and/ or characteristics of ferritin protein. The centrifugation at 10000Xg for 5 min after colorimetric reaction gave a clear supernatant. The improved method for the determination of ferritin iron is described in "Experimental" section.
The values of iron measured by this method were in good agreement with those by AAS in the range of 0.1-10 µg/ ml, the correlation coefficient was 0.999.
The standard additions analysis was carried out, the result is shown in Fig. 1 . Ferritin iron (1µg by AAS) was added to each diluted iron standard solution, then the total iron was measured. The obtained line was parallel to that for standard iron, and the recovery of ferritin iron from the solution was 100.9±2.6% (mean±S.D., n=5).
As ferritin shows a variety of iron contents8, the recovery of inorganic iron (1 µg by AAS) from the solution containing various amounts of apoferritin was examined ( Table 1) . When apoferritin concentrations were lower than 500 µg/ ml, the mean value of recoveries was 105.8±0.4% (mean±S.D., n=3). But, at the concentration of 1000 µg/ ml, the recovery increased to 109%. In the case of 0.1 µg of iron, good recoveries were obtained when apoferritin concentrations were lower than 50 µg/ ml. These results indicate that this method is suitable to measure iron in the ferritin where the ratio of iron to the protein is over 1 / 500 (µg/ µg). 
